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I have the following educational background: 

Univ. of London, England B.Sc. 1951 General Science 

Univ. of London, England B.Sc. 1952 Chemistry 

Univ. of London, England Ph.D. 1957 Chemistry 

Honors: Both B.Sc. degrees were taken with First Class Honours. 

I have held the following Research and Professional Appointments: 

Research Associate Professor, Center for Bioengineering, School of Medicine, University of 
Washington, Seattle, Washington. 

Associate Professor, Center for Bioengineering, School of Medicine, University of 
Washington, Seattle, Washington. 

Research Associate, High Voltage Electron Microscope Laboratory, University of Wisconsin, 
Madison, Wisconsin. 
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Associate Director of Research, American Foundation for Biological Research, Madison, 
Wisconsin. 

Research Associate, American Foundation for Biological Research, Madison, Wisconsin. 
Staff Scientist, Glaxo Research, Glaxo Laboratories, Ltd., Greenford, Middlesex, England. 



The following are representative of my technical publications: 



MacKenzie, A.P. and Luyet, B.J.: A collodion sandwich-film technique for the study of the 
growth of ice in very thin layers of aqueous solutions. In "Electron Microscopy, Vol. 2" 
(Proceedings of the Fifth International Congress for Electron Microscopy, Philadelphia, 
1962). Ed.: S.S. Breese, Academic Press, New York, N.Y., p. P 2, 1962. 

MacKenzie, A.P. and Luyet, B.J.: Electron microscope study of the structure of very rapidly 
frozen gelatin solutions. Biodynamica 9:47-69, 1962. 

MacKenzie, A.P. and Luyet, B.J.: An electron microscope study of the fine structures of very 
rapidly frozen blood plasma. Biodynamica 9:147-164, 1963. 

MacKenzie, A.P. and Luyet, B.J.: Apparatus for freeze-drying at very low, controlled 
temperatures. Biodynamica 9:177-191, 1964. 

MacKenzie, A.P. and Luyet, B.J. : Apparatus for the automatic recording of freeze-drying rates at 
controlled specimen temperatures. Biodynamica 9:193-206, 1964. 

MacKenzie, A.P. and Luyet, B.J.: Effect of recrystallization upon the velocity of freeze- drying. 
In "Progress in Refrigeration Science and Technology" (Proceedings of the Xlth. 
International Congress of Refrigeration, Munich, 1 963). Pergamon Press, New York, N. Y. 
VI C-2, pp. 1573-1581, 1965. 

MacKenzie, A.P.: Factors affecting the mechanism of transformation of ice into water vapor in 
• the freeze-drying process. Ann. N.Y. Acad. Sci. 125, Art. 2:522-547, 1965. 

MacKenzie, A.P.: Basic principles of freeze-drying for pharmaceuticals. Bull. Parenteral Drug 
Assoc. 20:101-129, 1966. 

MacKenzie, A.P. and Luyet, B.J.: Freeze-drying and protein denaturation in muscle tissue; losses 
in protein solubility. Nature 215:83-84, 1967. 
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MacKenzie, A.P. and Luyet, B. J.: Electron microscope study of recrystallization in rapidly frozen 
gelatin gels. Biodynamica, 10: 95-122, 1967. 

MacKenzie, A.P. and Rapatz, G.L.. Transition from polyhedral to spheroidal ice crystals, and vice 
versa, in partly frozen aqueous systems. Biodynamica 10:219-227, 1968. 

MacKenzie, A.P.: Death of frozen yeast in the course of slow warming. In "The Frozen Cell" 
(Proceedings of a CIBA Foundation Symposium). Ed.: G.E.W. Wolstenholme and M. 
O'Connor, J. and A. Churchill, London, pp. 89-96, 1970. 

Arenberg, I.K., Marovitz, W.F. and MacKenzie, A.P.: Preparative techniques for the study of soft 
biological tissues in the scanning electron microscope: A comparison of air drying, low 
temperature evaporation and freeze-drying. In Proceedings of the Third Annual Stereoscan 
Colloquium." Kent Cambridge Scientific, Inc., Morton Grove, 111., pp. 121-143, 1970. 

George, R.P., Albrecht, R.M., Raper, K.B., Sachs, LB. and MacKenzie, A.P.: Rapid freeze 
preparation of Dictvostelium discoideum for scanning electron nicroscopy. In Proceedings of 
the Third Annual Stereoscan Colloquium. Kent Cambridge Scientific, 
Inc., Morton Grove, 111., pp. 159-165, 1970. 

Rasmussen, D.H. and MacKenzie, A.P.: The glass transition in amorphous water. Application of the 
measurements to problems arising in cryobiology. J. Phys. Chem. 75:967-973, 1971. 

Arenberg, I.K., Marovitz, W.F. and MacKenzie, A.P.: Preparative techniques for the study of soft 
biologic tissues in the scanning electron microscope. Trans. Amer. Acad. Ophthalmology 
and Otolaryngology, 75:1333-1345, 1971. 

Albrecht, R.M., Hinsdill, R.D., Sandok, P.L., MacKenzie, A.P. and Sachs, LB.: A comparative 
study of the surface morphology of stimulated and unstimulated macrophages, prepared 
without chemical fixation for scanning electron microscopy. 
ExptL Cell Res. 70:230-232, 1971. 

MacKenzie, A.P.: Freezing, freeze-drying, and freeze-substitution. In "Scanning electron 
microscopy/1 972. Ed.: 0. Johari, Illinois Institute of Technology, Chicago, Illinois, pp. 274- 
280, 1972. 

Rasmussen, D.H. and MacKenzie, A.P.: Effect of solute, on ice-solution interfacial free energy; 
calculation from measured homogeneous nucleation temperatures. In "Water structure at the 
water-polymer interface." Ed. : H.H.G. Jellinek, Plenum Publishing Corp., New York, N. Y. 
pp. 126-145, 1972. 

George, R.P., Albrecht, R.M., Raper, K.B., Sachs, LB. and MacKenzie, A.P.: Scanning electron 
microscopy of spore germination in Dictvostelium discoideum . J. Bacteriology 1 12:1383- 
1386, 1972. 
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Albrecht, R.M., Orndorff, G.R. and MacKenzie, A.P.: Survival of certain microorganisms subjected 
to rapid and very rapid freezing on membrane filters. Cryobiology 10:233-239, 1973. 

Orndorff, G.R. and MacKenzie, A.P.: The function of the suspending medium during the freeze- 
drying preservation of Escherichia cgli. Cryobiology 10:475-487, 1973. 

MacKenzie, A.P. : Collapse during freeze-drying — Qualitative and quantitative aspects. In "Freeze- 
Drying and Advanced Food Technology." Ed.: S.A. Goldblith, L. Rey and W.W. 
Rothmayr. Academic Press Ltd., London. Pp. 277-307, 1975. 

Albrecht, R.M. and MacKenzie, A.P.: Tissue cultured and free living cells. In "Principles and 
Techniques of Scanning Electron Microscopy, Vol. 3." Ed.: M.A. Hayat, Van Nostrand 
Reinhold Co., N.Y. Pp.109-153, 1975. 

MacKenzie, A.P. : The physico-chemical environment during the freezing and thawing of biological 
materials. In "Water Relations in Foods." Ed.: R.B. Duckworth, Academic Press, London. 
Pp. 477-503, 1975. 

Rapatz, G., Luyet, B. and MacKenzie, A.: Effect of cooling and rewarming rates on glycerolated 
human erythrocytes. Cryobiology 12:293-308, 1975. 

Rasmussen, D.H., Macaulay, M.N. and MacKenzie, A.P.: Supercooling and nucleation of ice in 
single cells. Cryobiology 12:328-339, 1975. 

MacKenzie, A.P., Kuster, T.A. and Luyet, B.J.: Freeze-fixation at high sub-zero temperatures. 
Cryobiology 12:427-439, 1975. 

MacKenzie, A.P.: Principles of freeze-drying. Transplantation Proa, No. 2 (Suppl. 1): 181-188, 
1976. 

MacKenzie, A.P.: Physico-chemical basis for the freeze-drying process. In: "Developments in 
Biological Standardization", Vol. 36. Ed.. V.J. Cabasso and R.H. Regamey, S. Karger, 
Basel. Pp. 51-67, 1977. 

MacKenzie, A.P. : Comparative studies on the freeze-drying survival of various bacteria: Gram type, 
suspending medium, and freezing rate. In: "Developments in Biological Standardization", 
Vol. 36. Ed.: V.J. Cabasso and R.H. Regamey, S. Karger, Basel. Pp. 263-277, 1977. 

MacKenzie, A.P. : Solvent exchange and removal - Lyophilization. In: "Proceedings of the NHLBI 
Workshop on Technology for Protein Separation and Improvement of Blood Plasma 
Fractionation." DHEW Publication No. (NIH) 78-1422, pp. 185—201, 1978. 
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MacKenzie, A.P.: Modeling the ultra-rapid freezing of cells and tissues. In: "Microprobe 
Analysis of Biological Systems." Ed.: T.E. Hutchinson and A.P. Somlyo. Academic Press, 
New York. Pp. 397-421, 1981. 

MacKenzie, A.P.: Simultaneous DTA and determination of electrical resistance of aqueous 
solutions during freezing and thawing. In: Proceedings of the 17th. NATAS Conference. Ed.: 
CM. Earnest. North American Thermal Analysis Society, Rome, GA,pp. 9-14, 1988. 

MacKenzie, A.P.: Freeze-drying of aqueous solutions containing peptides and proteins. In: 
Therapeutic Peptides and Proteins: Formulation, Delivery and Targeting. Eds.: D.R. Marshak 
and D.T. Liu. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, Pp. 17-21, 
1989. 

D. Nochlin, A. P. MacKenzie, E. M. Bryant, I. H. Norwood, and S. M. Sumi. 1993, A Simple 
Method of Rapid Freezing Adequately Preserves Brain Tissue for Immunocytochemistry, Light 
and Electron Microscopic Examination. Acta Neuropathologica, 86, 645-650. 

D. M. Strong and A. P. MacKenzie. 1993. Freeze-Drying of Tissues. In: Musculoskeletal Tissue 
Banking, W. W. Tomford, Editor, Raven Press, New York, Pp. 181-208. 

K. R. Morris, S. A. Evans, A. P. MacKenzie, D. Scheule, and N. G. Lordi. 1994. Prediction of 
Lyophile Collapse Temperature by Dielectric Analysis. PDA Journal of Pharmaceutical 
Science & Technology, 48:3 1 8-329. 

S. A. Evans, K. R. Morris, A. P. MacKenzie, andN. G. Lordi. 1995. Dielectric Characterization of 
Thermodynamic First Order Events in Model Frozen Systems Intended for Lyophilization. 
PDA Journal of Pharmaceutical Science & Technology, 49:2-8. 

W.R. Gombotz, S. C. Pankey, L. S. Bouchard, D. H. Phan, and A. P. MacKenzie. 1996.Stability, 
Characterization, Formulation, and Delivery System Development for transforming Growth 
Factor-Beta. In: Formulation, Characterization, and Stability of Protein Drugs, R. Pearlman 
and Y. J. Wang, Editors, Plenum Press, New York, pp. 219-245. 

The following is a brief, but accurate, synopsis of my relevant experience: 

Dr. MacKenzie began his continuous career in freezing and freeze-drying in 1959. His 
earliest studies centered on the fundamental aspects of the freezing and freeze-drying processes. 
Later his work focused also on pharmaceutical, microbiological and diagnostic applications. Dr. 
MacKenzie has published more than 50 papers on lyophilization and presented more than 1 00 papers 
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from the platform at national and international meetings. Dr. MacKenzie has developed and 
currently maintains a practical and theoretical interest in the biophysics and hydration of peptides and 
proteins and their freezing and freeze-drying behavior. 

I have read and understood the specification and claims of the subject application, the Office 
Action dated July 19, 2000, and the Office Action dated September 20, 2001; 
and, being as duly qualified, do further declare: 

I. The present invention is based on the discovery that Factor VIII compositions can be 
prepared in a stable dried form by freeze-drying an aqueous solution of Factor VIII using 
trehalose as a stabilising agent in the absence of albumin. 

II. I have been asked to review an issued United States patent to determine its relevance 
to the present invention. Specifically, I have reviewed the following reference: 

Livesey et al (U.S. Patent No. 5,364,756) 

III. I have carefully reviewed this reference and, for the reasons discussed below, 
conclude that there is no teaching or suggestion in this reference of the present invention. 

IV. My review of this reference has been done in the context of what was known in the 
art when the present invention was made. My knowledge in this regard is based on many 
years of experience in this field dating back to 1959. In 1991, various Factor VIII 
compositions were known. Factor VIII preparations which were derived from human blood 
necessarily contained albumin. Although there were significant health risks associated with 
administering albumin to a patient, namely the potential risk for viral contaminants to be 
present, the presence of albumin was believed to be necessary in order to stabilise the Factor 
VIII protein. Recombinant Factor VIII preparations were also being prepared, but again it 
was believed to be necessary to add albumin to the preparations to stabilise the proteins. The 
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presence of albumin was believed to be necessary because Factor VIE proteins are extremely 
labile, even in the presence of other stabilisers. 



V. The teachings of the cited reference are entirely consistent with what was generally 
believed in the art at that time — that albumin was necessary to stabilise Factor VIII 
compositions. Although the presence or absence of albumin in a Factor VIII composition 
was clearly not the main focus of this reference, a careful review of this reference reveals 
evidence which supports the proposition that one skilled in the art would not have expected 
to be able to freeze dry Factor VIII in the absence of albumin. 

VI. The Livesey et al patent describes the cryopreservation of biological materials. The 
method and apparatus described by Livesey et al can purportedly be used for 
cryopreservation of materials ranging from viruses to cultured mammalian cells. However, it 
is apparent from the disclosure, including the examples, that the primary focus is on the 

. preservation of whole cells . Red blood cells, plateletes, leukocytes, sperm, pancreatic islets, 
and marrow cells are all listed as specific examples of cells which can be preserved using the 
Livesey et al procedures. There is very little discussion, and there are no examples, of the 
preservation of proteins. Those skilled in the art know that materials and procedures used to 
preserve whole cells and/or viruses are not necessarily applicable to the stabilisation of 
proteins. Furthermore, Livesey et al state that the exact ingredients of the suspensions 
which are to be preserved "is not considered to be a component of the invention." Thus, I 
find no disclosure in the Livesey et al patent which is specifically relevant to the selection of 
appropriate stabilising agents for delicate proteins. 

VII. Freeze drying of biological materials is a very complex, and poorly understood, 
process. Livesey et aVs. extensive discussion of this process contains much information 
which is not relevant to the current review. However, the critical differences between 
ambient drying and cold temperature drying are expressly acknowledged by Liversey et al It 
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is clear from the discussion in the Livesey et al reference that protection of proteins from 
damage due to freezing involves very different mechanisms from protecting proteins from 
damage due to drying. Livesey et al contrast the role of cryoprotectants with dry protectants 
stating that "[t]he cryosolution may also include exposing the biological suspension to one or 
more dry protectant compounds. Dry protectants, by definition, stabilize samples in the dry 
state." Livesey et al specifically list human serum albumin as a cryoprotectant which has 
been found to be effective in combination with trehalose (a dry protectant). Thus, the 
Livesey et al reference does not teach that trehalose can be used in the absence of albumin. 

VIII. Trehalose is only mentioned by Livesey et al as one possible ingredient in a drying 

process. There is no reference to preparing a Factor VIII composition in the absence of 
albumin, and it cannot be inferred, given the knowledge at that time, that albumin was not 
required. Thus, the Livesey et al discussion of stabilising agents is entirely consistent with 
the proposition that Factor VIII cannot be freeze-dried without the use of albumin as a 
stabilising agent. In my opinion, there is nothing in the Livesey et al specification or claims 
which teaches, or even suggests, to those skilled in the art, that Factor VIII can be freeze- 
dried in the absence of albumin. 



H:\DOOPTO\DEC-MCKENZIE-2.DOaDNB/!a 



9 



The undersigned declares further that all statements made herein of his own knowledge are 
true, and that all statements made on information and belief are believed to be true; and further, that 
these statements are made with the knowledge that willful false statements, and the like so made, are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the Application or any 
Patent issuing thereon. 

Further declarant sayethupaught 
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Products currently available for use in hemophilia A 

Cryoprecipitate. Prepared from single plasma units by cold precipitation and resuspension in plasma. Although the source plasma is 
screened for HIV I and 2, anti-HBc, ALT, and anti-HCV, there is no viral inactivation step for the cryoprecipitate normally obtained 
from your local blood bank. Because of the theoretical risk of HIV infection, the use of cryoprecipitate to treat hemophilia is not 
recommended. The New York Blood Center is currently working on techniques to treat cryoprecipitate using solvent-detergent 
techniques but this is not currently available. 



Intermediate purity factor VIII. Prepared from pooled human plasma which is screened for anti-HIV 1 and 2, ALT, anti-HBc, anti- 
HTL V I/II, and anti-HCV. Viral inactivation steps are used in all intermediate purity concentrates although the techniques differ from 
product to product These inactivation steps generally appear to be highly effective against HIV and selected hepatitis viruses. The U. 
S. Hemophilia/HIV Seroconversion Surveillance Project sponsored jointly by the Centers for Disease Control, the Food and Drug 
Administration, and the National Hemophilia Foundation has shown no HIV seroconversions in hemophilia attributable to factor 
concentrates since 1987 and no hepatitis B or C seroconversions in hemophilia attributable to factor concentrates since 1992. 

Intermediate purity factor VIII products which are currently available: 

• Factor VIII SD (NY Blood Center, Melville) - Viral inactivation by extraction with TNBP - sodium cholate. 

• Humate-P (Behringwerke) - Pasturized product prepared by heat treatment in solution to 60°C for 10 hours. 

• Profilate OSD (Alpha) - Viral inactivation using TNBP - polysorbate 80. 

• Koate HP (Bayer-Miles) - Viral inactivation using TNBP - polysorbate 80. 

• MelATE (Melville) - Viral inactivation using TNBP - polysorbate 80. 

• Alphanate (Alpha) - Purified from plasma by affinity chromatography using heparin-agarose to bind von Willebrand factor 
which is complexed with factor VIII. Viral inactivation using TNBP - polysorbate 80. 



Monoclonal antibody purified factor VIII. Prepared from pooled human plasma which is screened for anti-HIV 1 and 2, anti-HBc, 
ALT, anti-HTLV I/II, and anti-HCV. The factor VIII is purified by affinity chromatography using mouse monoclonal antibodies to 
human factor VIII. The purified factor VIII prior to formulation has a specific activity of -3000 units per mg. Human albumin is used 
as a stabilizer in the formulation of the factor VIII. 

Monoclonal factor VIII products which are currently available: 

• Monoclate-P (Centeon) - Prepared from commercial source plasma. 

• Heraofil-M (Baxter) - Prepared from commercial source plasma. Affinity purified using a mouse monoclonal antibody which 
recognizes the factor VIII heavy chain. 

• AHF-ARC (Red Cross) - Prepared from Red Cross volunteer source plasma and purified and formulated at Baxter using the 
same methods used to purify Hemofil-M. 



Recombinant factor VIII. Recombinant factor VIII is a synthetic form of factor VIII prepared in mammalian cells, such as Chinese 
hamster ovary (CHO) and baby hamster kidney (BHK) cells. These are immortalized cell lines* which are stable in culture, and permit 
the high level expression of human proteins with expected post-trans Iational modifications such as tyrosine sulfation and carbohydrate 
attachment. Initial concerns about the possible immunogenicity of recombinant factor VIII have been somewhat alleviated by 1) 
studies in previously-treated patients showing a very low prevalence of inhibitors, 2) studies in previously-untreated patients (PUPs) 
showing a higher but stable prevalence of inhibitors, and 3) studies in newborn and transgenic mice showing a lack of immunogenicity 
of recombinant factor VIII compared with plasma factor VIII. Because both products are formulated with human albumin, even 
though the albumin is pasturized, recombinant factor VIII is subject to the same recalls as plasma-derived factor VIII in the event that 
donors with Creutzfeld- Jacob disease contribute to the source plasma from which the albumin is prepared. Two forms of recombinant 
factor VIII are currently licensed for use. 
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Recombinant factor VIII products which are currently available: 

• Recombinate (Baxter) - The full length cDNA for factor VIII is used to synthesize Recombinate. Synthesis is in Chinese 
hamster ovary (CHO) cells and the factor VIII is purified by monoclonal affinity affinity chromatography using a mouse anti- 
factor VIE antibody which recognizes the 90 kDa heavy chain of factor VIII. The purified factor VIII is formulated with 
pasturized human albumin as a stabilizer. No viral inactivation step is used in Recombinate. Licensed by the FDA in December 
1992. 

• Kogenate (Bayer-Miles) - The full length cDNA for factor VIII is synthesized in baby hamster kidney (BHK) cells, purified 
by monoclonal affinity chromatography using a mouse anti-factor VIE antibody that recognizes the x domain of factor VIII, 
and formulated with pasturized human albumin. No viral inactivation step is used in Kogenate. Licensed by the FDA in March 
1993. 

• Biocla te (Centeon) - identical with Baxter Recombinate and distributed by Centeon under a licensing agreement on the patent 
for factor VIII. 

• Heiixate (Centeon) - identical with Bayer-Miles Kogenate and distributed by Centeon under a licensing agreement on the 
patent for factor VIII. 

The Medical and Scientific Advisory Committee (MASAC) recommends that individuals with hemophilia and their providers should 
consider the use of recombinant derived clotting factor as the first choice for replacement therapy. 



Zlick here for more information on product safety and product recalls from the Food and Drug Administration. 



Zlick here to return to the UNC Hemophilia Center Home Page. 
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Clotting factors VHT and IX 

Georje G. BrownW and Paul Lj\ Gimgrande 2 
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Introduction 



neophilia is the most common congenital disorder of coagulation and 
affects approranateiy 1 in 10,000 males around me world HaemophxHa A is 
doe «> ardency factor vm in rf* annilating blood wmlst haemophilia 
a (also inown as Chnsrm as disease) is a clinically identical disorder earned 
by factor DC deficiency. It is less common than hacmopttHa A and affects I in 
about 30,000 males. Beth fcetors VIH and DC are essenrial ^yccproieinsmrhe 
clomng cascade [1] (Rg. 1). The haflmadc of severe haemophilia is recurrent 
and spontaneous haemanhrosis, typically affecting the hinge Joints such as me 
ankle, knee and elbow. The severity of bieedmg cepeiKis upon the level 
tor in the blood. 

Severe haemophilia is usually defined by a level of <2 iu/dl (ar<2%) of Ac 
cor Vm or DC in plasma. Moderately severely affected patients have levels 
varying from 2-5 iu/dl and mild frcm 5-25 iu/dL It is unusual for in infant to 
have spontaneous haeniarthroses in the 5rst few months of life, and the first 
joint to be affected tends * be the ankle as the cmld learns to crawL Repealed 
bleeding into joints may cause permanent damage, with painful arthritis and 
limb detbrmity and associated muscle wasting. Bleeding into muscles is also 
a feature of haemophilia, but this is usually a consequence of direct injury 
albeit often minor- Bleeds into certain areas are particularly dangerous because 
or the risk of compression of neighbouring structures. Bleeds in me tongue can 
obstruct the airway, and retroperitoneal bleeding within me ilio-psoas muscle 
may result in femoral nerve compression. Bleeding from the gastxtmxtesdnal 
tract and bleeding into the urinary tract may also occur. There is also a signif- 
icant risk of mtracramai haemorrhage in severe haemophilia which wis a sig- 
nificant cause of mortality in the past when treatment was not so readily avail- 
able. The poor prognosis in the absence of effective treatment is reflected by 
the fact that the median life expectancy of haemophiliacs in Sweden was only 
1 1 years during the period 1831-1920. bet rose to 56.3 years during me p«£ 
0d 1961-1980 [2]. iris also interesting to note A« a cenmry ago haemopml. 
la affected several members of the royal families of Britain, Spain and Russia, 
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but, deapte tbe best medical ftcfflto of the a^e bdn« mflable, all affected 
membeafied in the* yomb and oo surviving descendam are aflfecwL 

A^ro^2tely5% of paneatj with haenopMliaA develop inhibfaorv um- 
pomej to actor vni at some stage txu ii 15 quite lOxly that this figure under- 
estimates die me prevalence. Inhibitor developtnem m naeaopmlia B it. by 
contrast, very raw This is a potentially safes compBeadM <rf tnera- 

p.atpa neroantnfecterytocoBVTTO 

e^,^^ „„, bJeedmg can be difffctm to controi Famify sudtes suggest that 
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there is a genetic predisposiaon to the formation of ambodta but no BLA. 
association or other linkages have boa conclusively identified. Then Is some 
P~PI« ^ Afi^Canbbean origin « acre suSLTS 
^^^^.^f group,. Certain urmanoj^^ 
edly assocuued with a a-mficandy increased risk of mJnbuw deveSSat 
^cularly Iar-e gene deletion, and nonsense notations tesehhigTsmp 
codons- presumably because parieats lack i m n m nc tolerance p, 41. ThexTis 
a weaker association between inhibitor fbnnaiioa and the presence of an inver- 
Sionmmrron22Qftheraci 0 rVni S eoe[5). i*^ence at anmva. 

The senwfor actor VIH and DC are both located at the telomere of the tona 
aan of die Xchromosome and thus haemophilia is inherited as an X-lmtoA 
recessive condmon affeobg malea. The dau-btns of affected males are obli- 
ge earners tot sons are normal. A proportion of all cases of haemophilia 

Perhaps jbe most famous example is that of Queen Victoria, who had a 
haemophiliac son (Leopold) and also two daughters who were carriers. It Is not 
known, however; whether they suffered from haemophffia A or B There are 
;*2^uwan« of haemophilia aff^ 

defective gene from both parents or to unequal X-inactivanon in earners T61 
There are also reports of haemophilia in females with Turner's syndrome (XO 
XY SoJvS C ° ngCQital inSCQSitlvlCy ^cnUr feminization with 



Molecular basis of haemophilia A 

Factor Vina is an essential cofactor which is required for the activation of he 
™ x j*J^^k the dottmg cascade (Kg. I). Factor VHJ is a xtycopro- 
tein of 2332 amino acids and is synthesized predominantly by hepatocyw of 
the liver. It is processed mtraceiralarly in the Golgi apparatus by proteolytic 
cleavage giving rise to a ^•terminal heavy chain and a C-tenninal hzht chain, 
Irs domain structure (Fig. 2A) includes a carbohydrate-rich B domain Out is 
not Required for acuvity (see below). Factor vm is activated to give rise to be 
^ fmhez P^^Iytic cleavage, probably by thrombin. In plasma, fac- 
tor etrculaies as a large glycoprotein complex i»n-covakntly bound to 
Bndomerj of von Wlllebrand factor (Fig. 2). The factor Vffl gene is about 
186 kb m length, with 26 exons, and is situated on the km* arm of theX chro- 
mosome at Xq28. 

Developmenis in molecular biology have permuted rapid of 
mutations m haemophilia A (and B) patients by various methods. PCR anmli- 
ficanon of eitber genomic DNA or cDNA derived from the reverse muadZ 
son of mRNA of patient lymphocytes has superseded older methods bwedon 
resmcnoa enzyme digestion and Southern bloednz. Although automated DNA 
sequence analysers have been developed, gene sequencing of the entire factor 
vm gene would be both expensive and labour-intensive because of its size. 
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ui order bo define ibe mutated exou of the DNA. or region of the mRNA, before 
aeqoencmg u> define the tccual rnnraiion itseOfL Chemical decree of nrfs- 
mmic to m het erodnplexes formed from the nxutazedDKA and itestDNAis 
to best canenc technique for detectiz^ 

o ds ate confonmriorvsensmve gel electrophoresis and denatming-sraifleat gel 
decnophoresis. although these alternatives do not allow afl mtmmons to be 
detected. 

By fer the commonest single genedc defect canring haeawphflU A is an 
inversion in mtron 22, which is encountered in about 20% of an patients, and 
In nearly halfof all severely affected patients [5]. Tie hrversion mechanism 
proposed involves homologous, mtra-chnraosomal recombmatkm between an 
mtronless gene of unknown function, designated FSA, which lies wttnammra 
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22 of die factor Vm gene and either of 2 further copies of F8A flanking the 
&ctor vm gene. Da eiiber case, the invenion results in a truncated frcmr Vm 
gene generating a truncated mRNA and inactive factor Vm protein, (has 
explaining etc severe harmophflia Recombination wixh the disal copy of F8A 
is commoner than with die proximal copy and accounts for approximately 
80% of the inversions (reviewed in [9]). Ir is now recognised that inverses is 
much more common in a male than a female meiosis. 

All other toiown haemophilia A mutations are qwrnnnri™* „ t vamabJ* 
mutation database (10). At present, 454 unique mutations are listed, *~*™«fn g 
92 cases of large deletions. However; it is generally thoixght that large deletions 
account for only a minority of cases of haemophilia and the reason dux a m«ii 
higher proportion than 5% is listed in the database reflects an aOT|| *M iHK«» 
bias. Most mutations are point mutants or very short additions or ^i—fr m of 
only a few nncleoddes. Nonsense, framcslrift and splice-site 

mntstt o oS f canted 

by point mutations or short additions or deletions, usually cause severe 
haemophilia. Most other cases are caused by mUo*»n*~ mntarions causing 
amino acid substitutions and 218 missense tarnations are presently known 
[10]. They have varying degrees of seventy for patients torn very nnld to wry 
severe [10]. Mutations at CG doublets, giving rise to a TG or CA doublet, are 
common. As is well known, CG doublets are genomic "nocspors" became of 
specific xnemylanon of cytosinc to 5" memylcyrxjsme and because the methy* 
lated cytosine is paruculatry susceprible to mutation by deannnarion. 

Molecular basis of haano philia 3 

Factor DCa is a serine protease required for the actrvarion of factor X in the 
cloning cascade. Factor DCa is itself formed from factor DC by proteolysis by 
either factor vna-ossue factor complex, winch initiates the clotting cascade, or 
by factor 33a, which sustains it [I J (Fig. 1). Factor EX is a jrycoprotein of 415 
amino acids and is made up of a N-terminal >carboxy glutamic acid-rich 
sequence (Gla domain), two epidermal growth factor-like (EGF) d omains - the 
first of which binds calcium - an activation domain and finally a C- tegana d 
serine protease or catalytic domain (Hg. 2B). The 12 glutamic add resi d ues of 
the Gla domain undergo y-carboxylarion by a vitamin K-dcpendent f glutamyl 
carboxylase in the endoplasmic reticulum (ER) during the synthesis of factor 
DC in die liver oepatocyte. This essential post-translanonal modification is nec- 
essary for die correct protein folding and calcium binding of factor DC The 
factor DC gene is about 34. kb in length and contains eight exons. Its basic exon 
Structure is similar In organisation to coagulation factors VTL X and protein C 
and it is likely thai they all evolved from a common ancestral gene by gone 
duplication. 

The factor DC gene is considerably smaller than mat of factor VTTT, and 
patients wirh haemophilia B have been studied more extensively than those 
wiih haemophilia A The first defects identified in haemophilia B .were large 
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Treatment of haemophilia 

ubte cryoprectpitate was introduced in 1965^X^^0^^ 
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chat the mortality associated with even severe haemophilia was similar to thai 
associated with cigarerre smoking. 

Treatment of Weeding episodes involves the intravenous injection of coag- 
ularion factor concentrates. The total dose and frequency of treatment is detar- 
mined by the severity and sire of bleeding. Most bleeds resolve with a single 
infusion, if the bleed is recognised early and created promptly. There is an 
increasing move to prophylactic therapy, in which die patient jives himself 
injections at home of coagulation factors two or three rf™^ a week m prerent 
bleeds raiher than just treating on demand when bleeds occur: Patients on pro- 
phyiactic therapy experience few or even no spontaneous bleeds and thus pro* 
gressive joint damage and arthritis can be avoided. 

The pooling of plasma donations introduced die risk of transmission «f »n*1 
infections, and many haemophiliacs were infected with H3V and/or hepatitis r» 
in the 1980s. In the UK, 1229 haemophiliacs were infected with HIV, and 
about 300 were exposed to hepatitis C [16, 17]. The introduction in 1985 of 
physical methods of viral inacdvaiion, such as heat-treatment or the adffitjg p 
of a solvent/detergent mixtu re, eliminated the risk of transmission of HIV or 
hepatitis C. However; other viruses are relatively resistant to these measures 
and cases of heparins A and parvovirus infection have been documented even 
wiih these more modern products. More recently, there has been concern about 
the possibility of transmission of prion disorders, although no cases have yet 
been described in haemophilia [18]. Recombinant products offer the greatest 
margin of safety for haemophiliac patients and Inrve been recominended as the 
treatment of choice for all patients with haemophilia (see below). 



Development of recombinant DNA methods 

During the Late 1970s there was a quiet revolution in molecular biology. Using 
restriction enzymes and DNA ligase, it became possible to done copies of 
mRNA mm either bacterial plasnrids or into bacteriophages such as phage JL 
Such clones could then be sequenced using Sanger's dideoxy chain rermma- 
rion method or Maxam & Gilbert's chemical degradation procedure. Once 
these mRNAs had been cloned, each cloned cDNA served as a probe in order 
to isolate from the entire genome its respective gene, which could then in turn 
be sequenced. Oligonucleotides were starting id be used as primers fox the 
enzymatic synthesis of DNA. The presence of inrrons in most genes was dis- 
covered. Southern had described bis blotting technique that was to be com e so 
widely used in this field anal the development of PCR techniques much later 
in the 1980s. 

Globin, immunoglobulin and ovaJtomiin mRNA - all mRNA species which 
could be purified in reasonable quantities from specialized cells or organs - 
could now be cloned in £. coli and sequenced in their entirety fox the first tape. 
Moreover, the new cloning methods suggested that mRNA and/or genes of 
mrriical interest, such as human insulin and human growth hormone mRNA, 
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alight be clotted and the protein expressed artificially m bacteria. Tins. It was 
*° n D ^ «»«* b f * cot-effcerrve and safer alternant to 5£g£S 

to ~ ^ .l? tamfln and5Oin£0fllJ that we m^tabeaMe 

» done rare, low-abidance mRNA, If only new oeSods could bedSeW 
tttaU to clone human factor DC mRNA. This would SJSSS 
mfficub project becanse of its low abundance in liver. However ff*TZZ! 

Recombinant factor IX 

St^^^r" ^ 0aed » 1982 - 2 tne faacr VHI 

5LTn? J** 0 *^* first. Tie expression of 

^rS"^ ^ P* 0 ™? » Ptodnce recombinant factor VHI before 
^mb^nt factor DC because of ^ higher mocence of ha,**^ £££ 
B m die population. Consequently recombinant factor VIirwas^nTablete 
the treatment of patients in 1992. much sooner than reccmbmant&awK 
which was only produced much later la 1997. 

Cloning the human factor JX gene in Oxford 

n^V^. "fff? rf ™ e acid sequence of bovine factor DC 

SI ^Tfl M "»thinkth«irxnightbe po^ble to clone the g 
gene. We mought that short synthetic oligomicleodde*. with their someac* 
party predicted from the genetic code and the amino acid sequence ofthe pto- 

mRNA. We bad previously used oligonucleotides both for our wiiex senuenc- 

S£fHf *** J C ° ? ^ J0b ^ ov ^umin and immunogK 
&KNAs [20] as weU as for our later influenza cloamg f21 ir] - 

*££££S^£* ^ ^ *** ^ reagenlfor'aiS: 
mR^Aii^ parucuiar. they could be used to hybridize to specific seqoems in 
****** prime the synthesis of cDNA by reverse transcri^se!^^ 
!„Zr«2T ""5? 10 2"* bovinc &ctor K n**A. which we had iso- 
Sof iTA?iT' 1,7 ^ WCCCSSIVC ^^-Stadient enmffuga- 

uon steps [23^ We then set up a rabbit reticulocyte cn virm transladon assay© 
oetect factor DC ^Rna. locating it « 2 oSs faction theSo^ 
te A We esnmated that it had been purified about 10-fold over tbc^S 
tnRNA^Even so it was unlikely that the factor DC mRNA was X).l% p«7S 

r,^*'?r nlXi 5? Zed ' W a mtaure - "i* 1 l^oudeotide (atj long oligono- 
cleondes (ohgo Nl onxuire). complementary to the bovine tn^se*nST 

SlIsD^ T ^ **» sequence oflKS 

348-352 of bovtne factor DC (Kg. 3). This was a pardculari^urable^ 
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70 75 
Glu-Cyg-Trp-Cys-Cln-Ala 

A a U A 

5* GA DO TOG TO CA OCW 3* 
G C C G 

T A A 
Oligamiclao- 3 1 CT AC ACC AC GTT OS 5 1 
tides (N2A) C G G 

T A A 

Olic^anucleo- 3* CT AC ACC AC GrC CC 5» 
tides (N2B) C G G 



Fixate 3. Two regfcws of iOxao add suju en ca of boviae taor DC tifcri to feipi mtad aHjcco- 
cbockfa sequence prism (Nl) or probes *N2B) I22LS»iert<brftKibflrddttihL 

of amino- acid sequence since the number of alternative possible n nrlTF * K** 
sequences p r rrfirtrd from the generic code was limits to 8, because the 
sequence contains a methionine residua which has a unique codon. This aHgo 
Nl mixmre of primers was used to prune the synthesis of cDN A fttan tactor 
DC-enriched bovine mRNA in order to generate a library of cDNA clon e s. 
Briefly, after synthesis of cDNA by reverse transcriptase and subsequent 
removal of mRNA by alkaline hydrolysis, loop-badr synthesis of double- 
stranded DNA was catalysed by £. coli DNA polymerase I (Kknow snbtrag- 
ment) in the absence of added primer Cloning of this doubie*srranded DNA 
was simplified by restxicdon digestion of DNA with Mbol (OATC-fecogmdon 
sequence) and ligation into the unique Bam HI size of the classic plasnrid, 
pBR32Z An ~MboF cDNA library of about 7000 recombinant clones was 
thus obtained in E. colL 

Bacterial colonies were then screened on Wharman 541 paper [24] using a 
second mixmre (oUgo N2A pins oligo N2B) of 16 ^Mabelled 17-nt long 
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oh^nucleoddes based on the predicted sequence of bovine factor DC mRNA 
of another &voorable region of amino acid sequence between residues 70-75 
(Fig. 3). We obtained a single clone, labelled BIX- 1, which was sequenced by 
die Maxam and Gilbert method. Tins clone encoded bovine factor DC mRNA 
from amino acids 52 to 139 and predicted an amino acid sequence dug wit in 
complete agreement with the Hteramre, except for a single discrepancy chang- 
ing die amino add at position 57. This discrepancy was, in fact, confi n aa d « 
a correction to the published bovine factor DC sequence, since it was alio pres- 
ent in an independent clone in a "dOdG-cnled" cDNA library of about 1O000 
EL coli colonies. f 

Thus the choice of oligonucleotides and our ability to synthesize dm h> 
hotzse were two important factors in our inmai success m is olatin g factor DC 
cDMA clones. Acting in the hope that the human and bovine factor DC genes 
would be siiffirienriy conserved in nndeotide sequence to crc^hybritfira, me 
bovine factor DC probe was men used co probe a Charon 4A bacteriophage X 
library of human genomic clones [22], A positively hybridizing done, XHDdb, 
was isolated and mapped by restricrion enzyme cleavage and Southern Wotting. 
A restriction fragment corresponding to the probe was thus identified on 
Southern blots and sequenced There was 85% nucleotide sequence conserva- 
tion between bovine and human factor DC gene in the region initially sequenced 
We had thus isolaied a done ccrramtng pan of the human factor IX gene 

Further cloning and expression of factor DC in mammalian cells 
Furdxcr cloning Two additional reports from other groups [25, 26] exte nded 
our initial work by describing the complete coding sequence of human factor 
DC which was found 10 be preceded by a leader sequence with a potential sig- 
nal peptide and propeptide sequence. There was uncertainty, however, as to 
whether me entire coding sequence had been cloned, since the 5* non-coding 
of the factor DC niRNA was qoc characterized. There were, also, in one report 
[26] some 6 differences in the coding nucleotide sequence attributed, xncor- 
recdy as it aimed out later except for one nucleotide [27], to the presence of 
polymorphisms. Interestingly although the details of the cloning procedures 
coffered in these reports from our own work, ail of the studies had reOed on 
oligonucleotides to prepare or isolate clones from cDNA libraries. 

We codteentrated on characterizing the complete actor DC axRNA sequence 
by cDNA cloning, and incependenUy sequencing an exons in order to define 
splice points and to check for potential cDNA cloning errors, which are known 
to occur during reverse ^inscription and cloning. We defined the mJRNA start 
sire precisely and sequenced the enure 3" non-coding region of the mRNA 
[27]. The factor DC gene turned out to be about 34 kb long with 8 exons. The 
factor DC mRNA was about 2800 nucleotides long and had a relatively short 5* 
non-coding region, but a reasonably long 3' non-coding sequence of nearly 
1400 nucleotides containing the usual AAUAAA poly(A) signal. Finally; the 
complete human factor DC geoe sequence of 23.5 kb. including all 7 introns, 
was established by Davia's group [28]. 
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Expression of biologically acme factor IX in mammalian cells If closing the 
actor DC cDNA and gene sequence were co be a "useful" contribution to 
medicine, then expression of recombinant factor DC protein would arc to be 
achieved. A major uncertainty was whether biologically acme factor DC was 
synthesized, because after synthesis, factor DC has to be post-txanalaziosaBy 
modified and correctly processed. In particular, after -jKajboxylanon of 12 
glutamyl residues near the N-cenninus of factor DC by a vitamin K-depeudcm 
carboxylase, the 18 ammo acid residues of me propeptide sequence [29] 
must be cleaved by a rutin protease. Bom these processes are rssmml for 
factor DC actrviry. It was conceivable chat these essential post-txansiatxoBai 
events would only occur in liver, the site of factor DC synthesis in the body; 
and would not occur in hepatic or other ceil types derived from other tissues 
in tissue culture 

We were fortunate that the aim of producing biologically active factor DC in 
mammalian ceQs in tissue culture was feasible but it was only achieved after a 
co ns i d erable effort by Don Anson and Ian Jones in the Brownke laboratory. 
We published in 1985. mat "we were able to isolate small amounts of biolog- 
ically active (recombinant) human factor DC* [30]. In particular, factor DC was 
expressed in rat hepatoma cells that had been stably transfecaed with a factor 
DC expression plasnrid. Much higher yields of >90% biologically active factor 
DC were obtained in canine kidney cells (MDCK cells) n<mg a sli^frtfy differ* 
cat expression plasnrid [31]. Our results were pardcularry convincing 
we purified the recombinant factor DC by irrxreuno-afflniry chromatography. 

Subsequently, higher yields of recombinant factor DC were achieved by 
other groups using diffe ren t expression vectors in different TnammaK^ ce lls, 
Le- baby hamster kidney (BHK), human hepatoma (HepG2) and Chinese ham- 
ster ovary (CHO) cells [32-34]. But in every case the biological activity of 
factor DC was less ±an in our reports. Indeed, in the Initial work by Kaufman's 
group in CHO cells (in which the factor DC gene was amplified in the genome) 
factor DC was secreted to give as much as 100 mg/mi of factor DC in the medi- 
um, yet only 2% was biologically active [34]. This low biological activity in 
CHO cells was subsequently solved by the introduction of a furin-type pro 
tease (sec below), suggesting that factor DC propeptide processing must have 
been limiting 

Development of recombinant faczor IX for clinical use 
The observation that some, albeit low, biological activity was present in the 
factor DC expressed in CHO cells was important [34], since this cell line has 
properties that are particularfy suited for large-scale cultnre needed for the 
Industrial production of recombinant proteins by the biotechnology industry. 
Therefore, development work was undertaken by Generics Insrirute, Boston. 
This presented a significant challenge since it was essential that p rope p t i de 
processing and v-carboxyladon, known to be essential for factor DC activity; 
had to occur. Neither of these processes had been previously req ui red in CHO 
cells in me production of recombinant proteins for the biotechnology industry. 
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mmaQy it was suspected chat T-cartoxylanon was limirins In (be fkmr DC- 
expressing CHO cells, tiros accenting for the presence^ i M ctiv B .i n Jm. 
ptady -fcarboxylared factor DC Howevet when the cloned rataxylase 
became available, transient transaction of expression constructs of the>car- 
boxyiase mto factor DC-secreting CHO cells failed to improve facmrDIbi©- 
Iojpcal activity 05]. By contrast, propeptide processing of factor DC was sfe- 
mficanUy improved by the compression of a ftrin-Ifte enzyme. spedficalW a 
soluble form of PACE (eaired basic amino acid cleaving J™) biroduced 
sably into the CHO cell line [36]. Finally. Generics InrtnmTproStoot 
DC m afonn that was fully processed by screening fi^DC-<™saingCHO 
clones to identify moso with the bighesrf^orDC-processuvtoSwoS- 
mragj the concentration of vitamin K added to the defined senim-free caW 
modmm (which lacked any added protein) and by defining the pnw eondi- 
Qons of growth of the factor DC-secreting CHO clone in large-scale (2500 n 

A down-stream large-scale purification protocol was developed the did not 
require the use of monoclonal antibodies for affinity purification, to avoid any 
nsk of mtrodncmg viral contaminants, the purified recombinant factor DC 
w« t Usbdy redQced Xarboxylation level of about 11 rc*bax9tia- 
omyl (da) residues per molecule compared to 12 CHa residues* in blood- 
dm^pd factor DC (Tab. 1 andref. [37]). A new result obtained from the ttndy- 
"T*^ DC is that the post-translanonal modifiononof 
Gla residues 36 and 40 are not apparendy needed for activity [38]. Other dif- 
ferences between recombinant and human blood-derived factor DC were sppar- 
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em in the extern of N- and O-linked carbohydrate side chains* and in snrpha- 
don and phosphorylation levels of particular residues (Tab. 1). the agent of 
^-hydroxy aspartate modification at serine 64, however, was «"**!fr 
Fortunately, none of the differences in post-oanslaD'onal modification ymH 
to affect the biological activity of factor DC although the differences in sol* 
phanon and pnosphccyiarion, it was suggested, may explain the sHgfatfy lower 
recovery (on average about 20% lower) of recombinant as compared to blood- 
derived factor IX seen in patients [37]. 

In summary, recombinant factor DC is already really a "second-generarioir 
recombinant product became it is prepared from cultured cells and penned 
under conditions where there is no contact with human or bovine proteins [37]. 
Thus the product should be tree of known blood-borne viral dly*«*i seen as 
HTV, heparins A* B or C and parvoviruses. There should also be no risk from 
diseases caused by prions, such as Creutzfeldt- Jakob disease (CJD) or the vari- 
ant CJD. caused by the prion of bovine spong ifo rm encephalitis in carne. 
Recombinant factor DC (BeuefDC) was approved for sale in [he USA and 
Canada in 1997 and in Europe in 1998. 

Recombuumt factor VUI 

When factor VTH was first cloned and expressed in cultured cells by two com- 
peting companies in 1984, this achievement was hailed as one of the most 
exciting advances to be reported by the biotechnology industry [39]. However; 
in a Nature ed itori al in the same week that the factor VHT doning was 
announced, we were poignantly reminded thai the first deaths had occurred in 
Australia and in the UK from HTV-containinated blood. Clearly blood-derived 
clotting factors were potentially dangerous and would eventually be supersed- 
ed by recombinant proteins. Not for the first rim* was the rear of disease driv- 
ing scientists and biotechnology companies to find improved and safer medi- 
cines. 

Cloning and expression of factor VIII 

The factor vm gene and its cDNA were cloned by the use of oligonucleotide 
probes based on the amino acid sequence of pepddes isolated from either 
human or porcine factor VECL essentially by similar methods to those 
employed previously to clone factor DC. Due to its low concentrations in plas- 
ma. Its high molecular weight and extreme sensitivity to proteolytic process- 
ing, it was a very difficult protein to purify. The breaictrough came when 
amino acid sequence information on peptide fragments of human or porcine 
factor VUI became available [40, 41], 

Su rprisi ngly, a unique 36-nt long oligonucleotide, rather than a rnixnrre of 
oligonucleotides, was successfully used as a probe In one rep or t [40], and in 
the other [41] two sets of mixed oligonucleotides, either 45- ot long or 15-nt 
long, were used. Because of ancertainty as to whether factor VUI was syntfae- 
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sized in the liver, both groups initially cloned the factor Vm gene by screen- 
ing genomic libraries of clones in bacteriophage X with th+*+ probes. The gene 
aimed out to be 180 kb long with 26 exons and at that Hm^» was the longest 
known gene. Human cDNA clones were then subsequently isolated, using 
genomic probes, by screening appropriate human cDNA libraries. full-length 
cDNAs were men used for expression studies by introducing expres sion ptas- 
mids wiifa heterologous viral promoters into BHK [40] or monkey kidney 
(COS-l) cell lines [41]. Human factor Vm was secreted into the of 
these transfected cells and shown to be active in a dotting assay. Cloning and 
characterization of the factor vm gene and its cDNA had been a long task, but 
its expression was initially surprisingly straighrforwartL 

Development afrtcombuumt factor VTU for clinical use 
Hie subsequent production and purification of recombinant factor VTU from 
cultured mammalian cells by the biotechnology industry were quite rapid and 
coinmensurate wim the urgency in producing reco m binant factor VTTT t which 
was free of viral contamination for the treatment of haemophilia A patients. 

Initially, however, there was some difficulty in the approach developed by 
Kaufman's group at Generics Institute in obtaining high yields of factor VIII 
secreted by CHO cells. Factor VHI cDNA had been introduced into CHO 
by linking it to the selectable, axuplifiable marker, dmydrofolafe Lwluttoe 
(DHFR). Protein expression levels were, however, much lower than had been 
observed with other cDNAs, e.g„ factor IX in CHO cells. It '■■""yi? mat the 
reason for this was mat ^"ripg intracellular processing of factor Vm in me ER, 
a significant proportion of me factor VEEI became bound to me chaperone, 
imTTmnogluboliii- binding protein (BiP), through a primary binding she of its 
Al-domairL Interactions also occurred between factor VTU and 2 other protein 
chaperones, calnraiu and calrencmlin, primarily mediated by the B-domain of 
factor VIOL It was suggested that facor VIH has unique retjuirements, not 
shared by the related coagulation factor V, for carbohydrate processing and 
molecular chaperone interactions that may limit its secretion [42]. ha practice 
the problem of the low yield of secreted factor vm was initially overcome, at 
least in part by the addition of von WuTebrand factor (vWF) (the cofactnr with 
which factor ME is normally associated as a bigh-molecuiar-weight complex 
in plasma) to the tissue culture medium. Thus fector VTU secreted in me 
absence of vWF a pp ea le d to be rapidly degraded. In its presence, however, 
factor VHI associated with vWF to form high-molecular- weight rmiluxnecs. 
Trn's stabilized me factor VTU, protecting it from proteolytic degradation and 
improving factor vm yields significantly [43]. 

Finally; in order to develop a large-scale process for production of factor 
VUL the v WF cDNA was introduced into the factor VHI-expressing CHO cells 
by linking it to a second amolifiable marker , the adenosine 
Co-expression of factor VTTJ and vWF was thereby achieved even in serum- 
free medium (Rg_ 4), mmroving the factor VTU yields by 1-2 orders of mag- 
nitude [44, 45]. Even so. the yield of factor VTU was still significantly lower 
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u^OHFR^.fWVm ^ to DHF^ftd« CHO 

•d by ^uwth in Bucicoado-frt* iMdW Cdls thca Kkcted ia increasfe* ■~^n rirmr of 

« h »qnm i tfp r aa a af B uw l *Uh a r WP czpnssoo pbnnrid conatamg m aDa (rtt&atmo InufniJiil 
£W*3xidselco*d for growth in Ac presence cytotoxic caocen (miens ctf idtftOftDD with ioaeudfifl 
ccaaxanHotu of r^exy^doaayoa. Tbc final call acpna«i DHPR, ADA. vWF ad f^Vgc 



than to of chc co-expressed vWRThis suggested that the nm acdliilg rcga, 
lation of factor vm inRNA levels and/or regulation of me imracdlalg tobSng 
and processing of fkiorVin were stffi limidng me yields of fectcrVin secret- 
ed into the culture medium [44]. The factor VEI-expressing CHO cell line is 
cultured ui a defined, serum-ftee medium in 2500 1 bioreactors for the large- 
scale maxmfacture of recombinant factor VUL However, it should be noted that 
the culture medium is reported to contain (unspecified) added bovine proteins 
trom natural sources, which were, however, tested to mimm^ the risk of 
introducing viral conrarninarion [46]. 

By contrast, a different cell Hue was used for factor VH1 expression in the 
approach adopted by GeDemech/Baycn A clone of BHK cells was isolated after 
introducing the factor Vm cDNA, linked to DHFR, into chromosomal DNA 
foUowed by amplification of the fector VEL copy number by sclecdoa with 
methouTxate. The BHK clone used for the commercial prodnaion of factor 
vm contains about 150 copies of the factor vm cDNA per cell [47]. For the 
subsequent manufacture of factor VIH in deep-tank stirred suspension Iter- 
menters, a proprietary (unspedfied), senun-free medium was used [43]. This 
medium presuniablyconiamM smce chere was rio tequire- 

mcnt co introduce rhe vWF cDNA to improve the stability of the factor Vm 
secreted in this BHK cell line, unlike the situation in CHO cells (see above). 

Both recombinant factor vm products (Genetics Insnnne or Genentcch), 
after purification by lmmunt>affinity chromatography with monoclonal anti- 
bodies, ion-exchange chrornarography and other methods, were reported to be 
essentially inchstinguishable from plasma-derived "factor Vm [45, x^e 
full-length recombinant factor VJH produced by both cc^xrpanies may be 
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regarded as a **firsl-geae^aIion' , product, since the CHO cells used to produce 
factor Vm were grown in a tissue culture medium thai contained protein addi- 
tives. Moreover, tbe resultant purified factor VEL was stabilized bv me adefi- 
fion of hi*™*-! albun»n. i nus tnere remains a small theoretical n*^ ni- 
oral products from humans or canle were used in their manufacture, that heat- 
resistant viruses, such as B 19 parvovirus (causing fifth disease) or, more sen* 
ously. prions, might still be present. Approval was granted in 1992 for the y* V » r 
in the USA, of Rrratnbinata (manufactured by Generics Institute/Bazar) and 
in 1993 forme sale of Kogenate (manufactured by Geneatech/Bayez, original- 
ly Miles/Cuner). 

B-domandess recombinant factor VUI 

A second g ener ation, B-domainless factor VUL recombinant factor Vffi SQ 
("Refacto": Pharmacia/Upjohn/Genetics Institute), is now (1999) also 
approved [49], Early wort both by recombinant DNA and classic protein 
chemistry methods, had shown that factor VTU with its B domain defaed was 
active in dotting assays [50-52]. Factor Vm SQ was developed ftom one par- 
ticular construct, which retained the factor Vm processing protease cleavage 
sites at armnn acids 740 and 1649 with only 14 residues of die B domain stQl 
present. This was almost fully processed when expressed in CHO cdb, con- 
sistent wiih its retaining a furin cleavage site preceding amino acid 1649 [53]. 
An advaniage of factor VTU SQ, in comparison to the firsr-generadon full- 
length factor VDI products, is that it is formulated without the addition of 
human albumin. However, human albumin is still added lo the tissue culture 
medium in which the CHO-expression construct is grown [49]. Thus, these 
second-generarioQ products have a reduced theoretical risk of transmission of 
human viruses [49]- 



CUnical experience with recombinant factors 

Recombinant products offer me greatest margin of safety for haemoplulic 
patients ao£ have been recomme n ded for the treatment of all pf"Tifr 
However, rhey are significantly more expensive and many patient* courinne to 
receive plasma-derived products. Jn addition to o fferin g an increased margin 
of safety with regard to viral coGtaminarion, recombinant products also offer a 
solution so the problem of the burgeoning demand for coagulation factors 
which continues to rise steeply- Thus 62 million units of factor Vffl were used 
in tbe UK in 1981, but by 1998 consumption had increased to 200 trillion 
units. This largely reflects the changin g partem of treatment, with patients now 
being encouraged to treat ihemselves at home on a prophylactic basis to pre^ 
vent joint bleeds. Tbe plasma half-life and recovery of the various recombinant 
factor YIH products are identical to those observed with conventional plasma* 
derived products and are typically around 14-16 hours. In contrast to many 
plasma-derived products, none of the recombinant products contain vWF, and 
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thus they are of no use in the treatment of this different congenital haemcrw 
magic disorder. The plasma half-live* of recombinant factor K are approx> 
maiely 18 boon, which are also the «m» as those observed with pl asma * 
derived factor DC products [37]. 



Recombinant factor Vila 

Recombinant factor Vila (Novoseven, Novo Nordisk) has proved very usefnl 
in the clinical management of patients with ^rh^ haemophilia A ox B and 
inhibitory antibodies, as well as those with acquired haemophilia. It by-passes 
the requirement for either factor VHIa or Ka because it activates factor X (see 
Kg. 1). Control of bleeding episodes in parienrs with inhibitory antibodies is a 
major clinical challenge. Most of the clinical experience relating to use of 
recombinant actor Vila has been gained outside the setting of f orma] d roca l 
trials, and this has hindered licensing in the United Stares [54]. The product is 
extremely expensive and this is likely to hinder widespread use when other 
products may be just as effective. It is valuable in patients who have high titles 
of mhibnory antibodies. It is of particular value, however, in the few patien ts 
with haemophilia B and inhibitory antibodies, as administration of either plas- 
ma-derived or recombinant factor IX in these cases can result In serious ana* 
phylactic reactions [55]. Factor Vila has a plasma half-Kfe of only appfoorf- 
marery two hours, so that Sequent bolus injections are required to control 
bleeding; it is not licensed for continuous intravenous administration. No spe- 
cific adverse effects have been identified. The excellent safety profile, includ- 
ing lack of allergic reactions, has encouraged some clinicians to employ this 
product for first-line treatment of bleeds at home [56]. In the past, physicians 
were often reluctant to undertake elccrive surgery in haemop hiliacs wrrn 
inhibitors, &m such procedures can now bo carried out with confidence with 
factor Vila [57]. 



Scftxy issues 

Concerns about recombinant coagulation factor conccncrares have focused On 
three main issues: viral safety, incidence of inhibitor development and prob- 
lems with laboratory assays, li is somewhat ironic that several currently 
licensed preparations of recombinant factor VTU actually contain a considflr- 
able quantity of human, plasmarderived alb umin that is added to the product 
as a stabilizer- Furthermore, most recombinant products are not subjected to 
specific virucidal treatment, such as beat treatment, during manufacare. 
Alternative stabilizers have been developed and clinical trials with these sec- 
ond-generation recombinant factor VUJ products acre already underway. 
Recombinant factor IX does not require the addition of albumin as a stabiliz- 
er. Bovine proteins are incorporated m growth media used in the manufacture 
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of some products (see above). The anient status of the various recombinant 
products is summarized in Table 2. 

Concern has also been expressed that the use of trishly purified factors 
^f^T?' ^ a grea^madencc of inhibitory antibodies. Unfortunately, it is 
not posable mgrvea definitive answer to this important Issue, JZpmoec- 
ave, double-blmded clinical studies have been conducted in which Sefad- 

™w L^SSf deve ?P° ient 1123 ««°P«d in patients receiving 
recombinant products and those receiving conventional plasnanfeived nrod- 
octs. Approomaiely 5% of patients with haetnophflia A in the UK are known 
to have developed inhibitory antibodies (or about 15% if severe patients with 
a basetoeof <2% factor Vm are considered). The 5rst two dinSSof 
cwo chficrent recombinant products in previously untreated patients (PUPs) 
reported an incidence of inhibitor development of around 20% f5g. 591 
Inhibitors appeared after a mean of 9 exposure days in both clMcal trials A 
more recent smdy fiom France with a longer follow-up period reported 'an 
inhibitor incidence of 28% in patients receiving recombinant foctoTvm. in 
contra*- ro an inoctence of 9% in a historical control group which received 
only plasma-<iemcd products [60]. Similar resorts have been observed in other 
group^Most of the cases involved low due and/or transient inhibitors that dis- 
appeared as treatment was continued. It is quite probable mar many cases of 
transient or low-tnre umibitbn. amongst patients receiving conventional con- 

^,"17? ^ P ' y DOt ideodfied P«t. and most haematologist, do 
not beheye* that the madence of significant inhibitors in patients recervme 
f^mbrnant products is truly elevated. The median number of exposure days 
unol detection of the mhibitor was 9 J days (range 5-14 days) 

By contrast who recombinant factor VDJ, there is no evidence of an 
increased nsJc of inhibitor development with the use of recombinant factor DC 
la clinical trials, only one of 31 PUPs developed an inhibitor and only one of 
56 previously treated patients (PTPs) developed a transient inbibitot These 
findings are comparable wirh the incidence of inhibitors of awHOximatery )% 
of histoncal controls with haemophilia B. The formation ofspecific antibod- 
ies against recombinanr factor VHa has not been Identified lulubjecrs with 
either congenital or acquired haemophilia. 
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The ability to assay the activity of factor Vffl both in actual coagulation fee- 
tor concentrates and in the plasma of haemophiliac patients after i njhsio a of 
products is vital for clinical care. Various methods have been developed for the 
assay of factor VTU, inrlnditig the one-stage, two-stage and MftrowH chro- 
mogenic methods. In general, clinical laboratories tend to prefer the one-stage 
method, which is both faster and easier to perform* for assay of factor Vm in 
both concentrates and patient plasma. By contrast, the potency of concentrates 
is now as sig ned by the chromogenic method, which is actually based on the 
rwo-stage method. Traditionally, ^rmaq plasma is used as the standard for 
assays of plasma factor Vffl. When plasma levels of factor Vffl are assayed 
after inftision of recombinant factor Vffl, recovery is significantly g reater 
when using the chromogenic assay co mpar ed to the conventional one-stage 
assay. Pharmacokinetic evaluation also shows a 25% greater AUC (Acq under 
curve (concentration x time) with the chromogenic but half-lives ate 

identical on calculations using either assay method. It has iecenrly been shown 
that these diffe r en ces may be resolved by nnng recombinant concentrate dflufr 
ed in haemophilic plasma as the laboratory standard. The recovery of recom- 
binant factor DC in parients is slighily lower (on average by about 20%) man 
that observed wiih standard, plasma-derived products (see above). This meana 
that a higher dose has co be given to patients to achieve a target plas- 

ma-IeveL Marked differences in laboratory assay results have been observed 
with "RefactD* (B-domainless factor Vffl). The potency of this product sboald 
be assayed using the chromogenic substrate method, since conventional one- 
stage assays usually underestimate the real potency. 



Summary and prospects 

Recombinant factors VUL DC and Vila are now available for treatment of 
haemophilia A & B pari cues in countries where this newer form of "protein 
therapy" is affordable. They xrt safer than plasma-derived factors because they 
cany no, or minimal , risk of contamination by viruses. Unronnnaiely, at pres- 
ent, they are more expensive. In the future, gene therapy for haemophiliacs 
may become available. This subject has certainly been widely flsmsml as a 
potential cure for patients and there is considerable current interest in this topic 
[61]. Good progress has been made with adenoviral and adeno-associaied viral 
vectors and clinical trials are in progress with adeno-assodated viral vectors. 
Thus gene therapy is some way off and may not become available for 
haemophiliacs for some time. 

G G3. [hanks Dr. ?. Handfoitt Dn EJ. Bcfwcit Dr. RJ. gauftnm, Ot J. Etfwxrtfc. Dt M. MDodooo 
and Prof. E-G JJ. Tuddcaham for crmoj 

com mono. 
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TRANSFUSION 

Descriptions, Indications, and Therapeutic Effects 

Factor Concentrates . 1 ^sa> I 

Factor VIII Concentrates 
Description 

Factor VIII concentrates are a commercially prepared, lyophilized powder 
purified from human plasma to treat patients with hemophilia A or von 
Willebrand's disease. Alternatively, recombinant (synthetic) protein is 
purified from genetically engineered non-human cells grown in tissue 
culture. The quantity of factor VIII coagulant activity is stated on the bottle. 
One factor VIII concentrate unit equals the clotting activity in 1 ml of fresh 
plasma. Factor VIII concentrate is cell free and is administered without 
regard to patient or donor ABO or Rh typ e. It is heat treated and/or solvent 
detergent treated to reduce the risk of virus transmissio n. Current processes 
appear to have eliminated the risk of HIV, HBV and HCV transmission. 
Concentrates differ in the purification procedures. Highly purified factor VIII, 
e.g. preparations purified over a monoclonal antibody column or current 
recombinant factor VIII concentrates, are stabilized by adding 98% of 
pasteurized human albumin. Porcine factor VIII concentrate is available for 
patients with high titer anti-human factor VIII alio or autoantibody 
inhibitors. Factor VIII concentrates are stored refrigerated at 2-8°C for up to 
two years from the date of manufacture (expiration dat^ will be indicated on 
each vial). Some preparations may be kept at room temperature for 
extended periods. Once reconstituted, it should not be refrigerated. Factor 
VIII concentrate should be infused within 4 hours of preparation to reduce 
the risk of bacterial growth. Vials are usually shipped to a hospital 
pharmacy, blood service or nursing unit and mixed there prior to use. Many 
patients or families receive them directly for home care. 



Indication 



Factor VIII concentrate is indicated for the treatment of bleeding or 
imminent invasive procedures in patients with hemophilia A (congenital 
factor VIII deficiency) and for patients with low titer factor VIII inhibitors. 
Regular prophylactic doses are sometimes used as well as daily doses in 
some hemophilic inhibitor patients to try to induce immune tolerance. 
Patients with von Willebrand's disease respond to one specific, pasteurized 
intermediate-purity concentrate in which von Willebrand factor activity is 
relatively preserved. 



Therapeutic Effect 

Dosage is dependent on the nature of the injury, the degree of factor 
deficiency, the weight of the patient and the presence and level or absence 
of factor VIII inhibitors. The half life of circulating factor VIII is 8 to 12 
hours, therefore transfusions may need to be repeated every 12 to 24 hours 
to maintain hemostatic levels. Following surgery, it is necessary to maintain 
hemostatic levels for up to two weeks to prevent delayed bleeding and 
promote wound healing in the hemophilic patient. The Puget Sound Blood 
Center's Hemophilia Program is available for consultation at 206-292-6507 
(or 1-800-552-0640) or 206-292-6525 (and page) on evenings or 
weekends. 
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EMORY'S COMPREHENSIVE HEMOPHILIA 
PROGRAM IS A LEADER IN CLINICAL RESEARCH 
AND ADVANCED TREATMENTS FOR ADULTS AND 
CHILDREN 

The comprehensive hemophilia program at Emory University has become a national leader 
in research and treatment programs that are helping improve the lives of the 15,000 
hemophiliacs living in the U.S. Although these patients now can enjoy a normal life span, 
they must rely on infusions of blood products to treat frequent bleeding episodes, then cope 
with resulting complications, including inhibitors that render the products ineffective and the 
threat of infections and joint diseases caused by internal bleeding. In the past, the cure for 
hemophilia has sometimes been worse than the disease. 

Emory hematologists participate in a number of clinical trials to improve treatments fof 
hemophilia patients, including a recently concluded international study sponsored by Bayer 
to test a new formulation of blood clotting products. The new formula, called Kogenate FS, 
is almost completely free of any human or animal components and should make 
hemophiliacs feel safer than ever about using genetically engineered clotting factors. 
Kogenate FS has recently been approved by the Food and Drug Administration. 

Individuals with hemophilia are missing the gene that makes Factor VIII, a critical part of 
the blood clotting machinery. Factor VIII is a component of fibrin, which is the cement the 
body uses to seal a wound after platelets first plug it up, much like the Dutch boy putting his 
finger in the dike while awaiting help. 

In the past, Factor VIII products to treat hemophilia patients were made by concentrating 
clotting factor gathered from the plasma of a large group of donors. In the mid 1980s, when 
scientists discovered that these blood products could transmit diseases like HIV and hepatitis 
C, they began heating Factor VIII products to kill these viruses. 

In the early 1990s, scientists carried safety one step further with genetically engineered 
recombinant Factor VIII products made by inserting the factor VIII gene into a cell line and 
producing mass quantities of concentrated human factor VIII. Although these products 
contained no human or animal products, they were stabilized with a small amount of 
albumin, a human blood component Kogenate FS - the newest FDA-approved product — 
uses small amounts of albumin in the initial "fermenting" solution, but in the final stage, 
albumin is removed, leaving the product almost completely free of any human or animal 
components. The Factor VIII is then stabilized with sucrose. The product is said to be 
sucrose-formulated and albumin-free in final formulation. 

"Our research found that the new product works just as well as the current products and 
appears to offer a greater safety margin against infectious agents," says Thomas Abshire, 
M.D., medical director of Emory's hemophilia program and one of the principal investigators 
for the study. 

Emory has just completed another randomized study, in collaboration with Schering Plough, 
Inc. and the American Red Cross, in which hemophilia patients with hepatitis C were treated 
either with a combination of interferon and Ribavirin, or with interferon alone, which is the 
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known treatment. Preliminary results presented at the World Federation of Hemophilia in 
July determined that the combination therapy is better than interferon alone. 

Emory also is a world leader in treating joint disease in hemophiliacs — a common problem 
caused by bleeding into joints, which causes irritation in the lining of the joint cavity and 
creates a cycle of bleeding and inflammation. Surgeons and hematologists have collaborated 
on a study of arthroscopic synovectomy, in which a small endoscope is inserted into the 
ankie, elbow, or knee to clean out the thickened lining. When surgery is not an option, 
physicians use an alternative technique called radionuclide synovectomy to inject a 
radioisotope into the joint that eliminates the abnormal lining. Drs. Michael Busch and Amy 
Dunn coordinate this program. 

Emory's comprehensive adult and pediatric hemophilia program includes hematologists, 
infectious disease specialists, hepatologists, orthopaedic surgeons, physical therapists and 
specialty nurses. The program receives some federal funding through the Maternal and Child 
Health Bureau (MCHB) and the Centers for Disease Control and Prevention (CDC). Two 
adult and two pediatric hematologists treat 350 patients, including 140 children. The staff 
also works closely with a program at Children's Healthcare of Atlanta at Scottish Rite, which 
treats 150 additional children. Dr. Abshire also is Medical Director for MCHB Region IV 
South hemophilia programs that include Alabama, Mississippi, Georgia and Florida. 

Although the number of hemophilia patients is small relative to many other diseases, it 
commands a great deal of attention because it is so expensive to treat. Clotting factor for a 
mild joint bleed in a typical 7-year-old child, even at reduced rates, averages $600 per 
infusion, with some patients needing several infusions per week. "There is a motivation to 
produce a better product and one you can use less of, which may come with the eventual 
development of gene therapy for Factor VIII," says Dr. Abshire. 

Other current clinical trials at Emory aimed at treating bleeding disorders and their 
complications include: (1) a study of children who experience clotting problems from 
permanent IVs; (2) a CDC-sponsored study designed to identify and treat women with 
undiagnosed bleeding disorders who are experiencing abnormal bleeding with menstrual 
periods (hematologist Sidney Stein, M.D., leads the Emory component of this multi-site 
study); (3) multiple clinical trials designed to evaluate the safety and efficacy of new 
products used to treat bleeding episodes; (4) multiple AIDS Clinical Trials Group (ACTG) 
studies for our patients that contracted HIV infection from blood products prior to the^ 
development of safer products. 

The Emory hemophilia treatment center also participates in studies designed to identify the 
safest and most cost effective methods for preventing the complications of congenital 
bleeding disorders, including the CDC-sponsored Universal Data Collection System and the 
National Hemophilia Foundation's National Prevention and Awareness Campaign. 

Exciting research advances are on the horizon to deal with the problems faced by the 20 
percent of hemophilia patients who have antibodies that inhibit the effectiveness of 
substitute Factor VIII products. Emory hematologist J.S. "Pete" Lollar, M.D., is conducting 
groundbreaking research in the laboratory that includes gene therapy and an improved Factor 
VIII molecule constructed from a combination of human and pig Factor VIII genes. 
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Refacto (rFVHI) to Become Available 



Wyeth/Genetics Institute has announced that their second- 
generation recombinant factor VIII product, ReFacto will be 
available in the United States beginning on January 29, 2001. 
ReFacto is the first recombinant factor VIII product formulated 
without human serum albumin in its final formulation. 

ReFacto is indicated for the control and prevention of 
hemorrhagic episodes and for surgical prophylaxis in patients 
with hemophilia A. ReFacto is also indicated for short-term 
routine prophylaxis to reduce the frequency of spontaneous 
bleeding episodes. 

Wyeth/Genetics Institute claims that dosing for ReFacto will 
be exactly the same as the other second-generation 
recombinant factor VIII products currently on the market 
Further, Wyeth/Genetics Institute has announced that 2000 
I.U. sizes for both ReFacto and their recombinant factor IX, 
BeneFix. will be available. 
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Due to limited supply of ReFacto however, Wyeth/Genetics 
Institute will be placing limits on individual customer size 
orders. Wyeth/Genetics Institute has devised an allocation 
method whereas the 18 largest homecare companies and the 
hemophilia treatment centers will be allocated product based 
on the percentage of hemophilia A patients they see. For 
example, if ABC Homecare has a hemophilia A base of 10% 
of the overall hemophilia A population, they would be 
allocated 10% of Wyeth/Genetic Institute's inventory of 
ReFacto. 



Increased production for ReFacto is expected sometime next 
year as Wyeth/Genetics Institute is working towards 
completion of a refurbished manufacturing plant in St. Louis. 
Missouri. Currently, product is being imported from a 
manufacturing facility in Stockholm, Sweden. The St. Louis 
facility is forecast for completion in early 2002. 



The list price for ReFacto will be $1.09. However, 
Wyeth/Genetics Institute is going to offer a bulk contract price 
of $0.84. The list price for other second-generation 
recombinant factor VIII products are similar (Kogenate FS - 
S1.13;HelixateFS -51.11). 



The Average Wholesale Price (AWP) of ReFacto is expected 
to be the similar to other second-generation recombinant 
factor Vlirs as well. Wyeth/Genetics Institute expects the 
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AWP of ReFacto to be the list price ($1.09) multiplied by 
25%. It this is the case, ReFacto's AWP would be $1 .36 
whereas Kogenate FS would be $1.41 and Helixate FS 
$1.38. 

Wyeth/Genetics Institute is also working on a third-generation 
recombinant factor VIII named ReFacto AF (Albumin Free). 
The St Louis manufacturing facility has been selected to 
product ReFacto AF, once the FDA approves that product. 
Wyeth/Genetics Institute has yet to decide if they will phase 
out ReFacto once ReFacto AF has been approved. In similar 
situations, Bayer chose to phase out their first generation 
recombinant product, Kogenate, once their second- 
generation product, Kogenate FS was licensed. However, 
Baxter Hyland Immuno has decided to keep their first 
generation recombinant product Recombinate on the market, 
even after their third-generation recombinant product is 
licensed. 

Wyeth/Genetics Institute currently manufactures and 
distributes ReFacto in Europe. Moreover, they are currently 
the only manufacturers of a recombinant factor IX product. 
BeneFix. 

Disclaimer 

The information contained on the NHF web site is provided for your general 
information only. NHF does not give medical advice or engage in the practice of 
medicine. NHF under no circumstances recommends particular treatment for 
specific individuals and in all cases recommends that you consult your 
physician or local treatment center before pursuing any course of treatment 
AH information and content on this web site are protected by copyright All 
rights are reserved. Users are prohibited from modifying, copying, distributing, 
transmitting, displaying, publishing, selling, ficensing. creating derivative works, 
or using any information available on or through the site for commercial or 
public purposes. 
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